Abstract
Introduction
Non-small cell lung cancer (NSCLC) is the most common cause of cancer death worldwide. Epidemiological studies showed that more than 70% of NSCLC patients have advanced disease at the time of diagnosis, leading to a poor prognosis [1, 2] . Currently, Platinum based chemotherapy is the first line therapy for patients with inoperable advanced NSCLC; however, the response to chemotherapy varies significantly in these patients [1] . Although the application of many new regimens, the response rate to platinum chemotherapy remains only about 15% to 30% [2] . Many efforts have been done to explore the mechanism under which the NSCLC patient response differently to chemotherapy, which is important for individualized chemotherapy regime. Recent studies showed that the intrinsic factor, such as individual genetic background, is closely associated with the response to chemotherapy in patients receiving chemotherapy [2] [3] [4] . Several studies have reported the variants of some genes may be used as a molecular marker to predict the chemotherapy response in NSCLC patients [5] [6] [7] [8] . But these reported predictors either have conflicting results, or the predictive efficacy was not sufficiently proved.
Hypoxia is regarded as a universal feature of solid tumors due to the imbalance between the consumption of oxygen by tumor tissue and the oxygen delivery from the supplying blood vessels [9] . Clinically, hypoxia is associated with resistance to anti-tumor treatments, especially radiation therapy, and is predictive of metastasis and poor outcome in a variety of tumor types [10] [11] [12] [13] [14] [15] . Hypoxia-inducible factor-1α (HIF-1α) is a key factor which regulates cellular response to hypoxia and its important role in the regulation of tumor biological behaviors by affecting angiogenesis, energy metabolism, vasomotor function and apoptotic/ proliferative activity has been documented previously [16] [17] [18] . Inhibition of HIF-1α inhibits tumor growth, vascularization, invasion, metastasis, more interestingly, the resistance to radiation therapy and chemotherapy, consisting with the clinical finding which showed that HIF-1α over-expression is associated with increased risk of patient mortality in many cancers [19] [20] [21] [22] [23] [24] . HIF-1α is regarded as a target for cancer chemotherapy, chemosensitization and chemoprevention [25, 26] .
HIF-1α expression is regulated by its gene polymorphism. Recently, two polymorphisms, namely, the C1772T (P582S) and G1790A (A588T) polymorphisms of the HIF-1α gene have been reported to significantly increase gene transcriptional activity, leading to an increased expression of HIF-1α mRNA and protein [27, 28] .
To date, whether the HIF-1α expression and its genetic variants influence on the chemotherapy response and clinical outcome of patients with NSCLC remains known. Based on the role of HIF-1α in cancer cell biological behavior and clinical outcome after treatment, we assumed there might be an association between HIF-1α genetic variants and chemotherapy response in NSCLC patients. In the present study, we enrolled NSCLC patients who underwent platinum-based chemotherapy to explore the association between the HIF-1α genetic variants, HIF-1α protein expression and the chemotherapy response as well as the prognosis of NSCLC.
Patients and Methods

Ethics statement
The ethical committee of First People Hospital of Lianyungang approved the study (2004-No2). All participants provide their written informed consent to participate in this study.
Patient enrollment
A total of 741 patients with histologically confirmed stage III and IV NSCLC were consecutively recruited between July, 2007, and August, 2011. All the patients were enrolled according to the criteria described previously [29] . The staging system we used was the 7th edition of the TNM system [30] . Only patients with squamous cell carcinoma and adenocarcinoma were included in this study. The other exclusion Before treatment, all the enrolled NSCLC patients underwent evaluation including medical history, complete physical examination, routine clinical biochemistry tests, chest computed tomography (CT) of the chest and abdomen. Demographic and clinical characteristics, including age, sex, smoking status, and tumor histology were also collected from clinical medical records with review by two oncologists blind to our study design. Subjects who had smoked less than one cigarette per day and in less than 1 year in their lifetime before enrollment were defined as non-smokers, otherwise were defined as smokers [31] . The overall survival (OS) and progression free survival (PFS) period were acquired by clinical medical records. OS was defined from the start date to receive chemotherapy to the last day of follow-up or death from any cause. PFS was calculated as the interval between the start date of chemotherapy and the date of confirmed cancer progression [29] .
Platinum-based chemotherapy
The chemotherapeutic regimens were described previously [29] . All chemotherapy regents were administered intravenously, and all treatments were for two to six cycles. The responsiveness of patients to chemotherapy were determined by the WHO criteria, namely, complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD). Patients with complete disappearance of all measurable lesions were defined as CR, while those with at least 50% reduction in measurable lesions were defined as PR [32, 33] . Patients with less than a 50% decrease or no more than a 25% increase in the size of measurable lesions were defined as SD and those who have measurable lesions increased by more than 25% or new lesions were assigned as PD. For data analysis, CR and PR were combined as responders, and SD and PD were grouped as non-responders. The chemotherapy response was assessed by two independent oncologists who were unaware of our study protocol.
HIF-1α genotyping
Genomic DNA was isolated from the peripheral blood leukocytes by using genomic DNA kit. The primer sequence for Polymerase chain reaction (PCR) were as following: 5'-CAT GTA TTT GCT GTT TTA AAG-3' forward primer and 5'-GAG TCT GCT GGA ATA CTG TAA CTG-3' reverse primer. PCR was performed to amplify the 178-bp fragment of the exon 12 of the HIF-1α human gene. The mixture for PCR was in 30 μL, containing 200 ng template DNA, 0.2 mM of each dNTP, 0.5 μM of each forward and reverse primer, 1.5 mM MgCl 2 , 0.5 U of Taq polymerase and 3 μL of 10X PCR buffer. The denaturation was at 95°C for 5 min, followed by 35 cycles of denaturation at 95°C for 30 sec, annealing at 61°C for 30 sec, extension at 70°C for 1 min, and a final extension at 72°C for 10 min. PCR products were purified and sequenced using Big Dye Terminator kit (version 3.1) on an ABI Prism® 3100 Automated DNA sequencer according to the manufacturer's protocol (Applied Biosystems, Foster City, CA) [34] .
Immunohistochemistry
A total of 162 biopsy cancer samples were obtained from 162 studied participants. Frozen tissues were cut into 6 μm serial sections, dried on a 50°C hot plate for 2 min, and fixed in 4% formaldehyde in PBS (pH 7.4) for 10 min. Anti-HIF1α polyclonal antibody (Millipore Corporation ® , USA) was diluted at a 1:150 for immunohistochemistry reaction. Sample staining was scored by semi-quantitative microscopic analysis, considering the number of stained cells and signal intensity. According to the percentage of HIF1α immunepositive tumor cells, a score of 1 was assigned when ≤10% of positive cells were positive; 2 when 10-50% of cells were positive and 3 when ≥50% of cells were positive. Signal intensity was evaluated as negative (0), weak (1), moderate (2) and strong (3) . Both scores were multiplied to categorize HIF1α expression as low (0-6) and high (>6) expressions [35] . 
Statistical Analysis
Data on quantitative characteristics are expressed as means ± stand deviation (SD). Data on qualitative characteristics are shown as percent values or absolute numbers. Differences in demographic characteristics and cancer risk factors between patients and controls were compared by using Student's t test or ANOVA for continuous variables and the χ2 test for all categorical variables. To estimate the deviation of frequency of gene alleles in tested population, we performed the Hardy-Weinberg equilibrium using χ2 tests. The correlations between immunohistochemical expression, patients or tumor characteristics, and response to chemotherapy were examined using the χ2 test (or Fisher's exact test, as appropriate). Multivariate logistic regression analysis was used to determine the influence of HIF-1a polymorphisms on the chemotherapy response, controlling potential confounding conventional risk factors. A forward stepwise (Likelihood Ratio) procedure was used for multivariable analysis. The Kaplan-Meier Method was used to calculate OS. The differences in OS were compared using log-rank test. The Cox proportional hazards model was used to calculate the prognostic values of the protein expression and other pretreatment factors including age, sex, histology, number of disease sites and presence of pleura effusion. Factors that showed significance in the univariate model were included in the multivariate analysis. Data were analyzed with the SAS 9.2 package (SAS INC. NC. USA).The results were considered statistically significant at P < 0.01 using a 2-tailed test.
Results
All patients subject received platinum-based chemotherapy, 311 were chemotherapy responder (CR + PR) and 430 were non-responder (SD + PD). Non-responders had higher prevalence of smokers, patients with stage IV and with poor differentiation than responders (all P<0.05, Table 1 ). There were no significant differences in sex, age, histology and chemotherapy regimens between responders and non-responders (all P>0.05).
Genotype frequencies of HIF-1αpolymorphisms in chemotherapy responder and nonresponders were found to be fit in the Hardy-Weinberg equilibrium (all P>0.05). Table 2 shows that the genotype and the allele frequencies of HIF-1α polymorphism of 1790 G>A were not significantly different between responder and non-responders. However, the genotypes and allele frequency of HIF-1α polymorphism of 1772C>T were significantly different between the responders and non-responders. Responders had a markedly higher frequency of CC genotype than responders (34% vs.21%, overall P<0.0012, Table 2 ). With TT as reference, multivariate logistic regression analysis showed the CC genotype carriers had a higher chance to be chemotherapy responders (adjusted OR=2.77, 95% CI:1.83-4.18, adjusted P<0.001, power value 0.96) with adjustment for age, sex, smoke status, histology, cancer stage and chemotherapy regime. The CT genotype carriers is also associated with the occurrence of chemotherapy resistance (adjusted OR=1.71, 95% CI: 1.18-2.48, adjusted P=0.004, power value 0.86). The C allele carriage represented a higher possibility to be responders to chemotherapy after adjustment with the above mentioned clinical variables Table 2 ). The HIF-1α expression levels were determined by immuhistological staining. Of 162 biopsy sample donors, 57 were responders to chemotherapy while 105 were non-responders. The HIF-1α high expressions were observed in 65 of non-responders (61.90%) but only 21 in responders (36.84%). The typical HIF-1α expression in adenocarcinoma and squamous cell carcinoma samples are shown in Figure 1 . Table 3 shows the distribution of HIF-1α expression and response status. Patients with high HIF-1α expression had a significantly higher risk to be non-responder to chemotherapy than those with low HIF-1α expression (OR=2.79, 95%CI: 1.43-5.43, P<0.001, power value 0.86).
The associations between the clinical characteristics and PFS as well as OS were studied by log-rank test (Table 4 ). For PFS, there were no significant differences in PFS with respect to HIF-1α genotypes at1790 G>A locus (both Log-rank P>0.05). In contrast, the HIF-1α gene 1772C>T polymorphisms showed statistically significant associations with PFS and OS by 
log-rank tests. The median survival time for patients with CC, CT and TT genotype carriers was shown in Table 4 (adjusted P=0.002 for PFS and adjusted P=0.001 for OS). When stratified by HIF-1α expression, we found that the HIF expression level significantly related to the OS, but not the PFS after adjustment with age, sex, smoke status, histology, cancer stage and chemotherapy regime (adjusted P=0.051 for PFS and adjusted P<0.001 for OS).
Patients with high HIF-1α expression had similar FPS periods, but a significantly shorter OS period than those with low HIF expression. Chemotherapy response status also determined the PFS and OS periods (both adjusted P<0.001).
We performed multivariate Cox proportional hazards regression models to estimate the hazard ratios (HR) for OS, with adjustment for age, sex, smoking status, histology, stage, chemotherapy regimes and response status. The risk factors influencing prognosis included 1772T>C, HIF-1α expression, chemotherapy response (Table 5) . Table 6 shows the association between HIF-1α gene polymorphisms and HIF-1α protein expression status in cancer tissues. We found that TT carriers had higher rate of patients with high HIF-1α expression compared with CC carriers (P=0.003). The CC genotype carriers had a higher percentage of low HIF-1α protein expression. In contrast, the 1790 G>A polymorphisms was not related to HIF-1α protein expression status.
Discussion
This is the first study presenting the positive association between the genetic variants and protein expression of an important hypoxia related protein, HIF-1α, with the response to Platinum based chemotherapy and clinical outcome in patients with advanced NSCLC. We found that the 1772 CC genotype carriers had a higher chance to be chemotherapy responders compared with those carried TT genotype. Patients with high HIF-1α expression had a significantly higher chance to be non-responder to chemotherapy than those with Table 5 . HR for prognosis of NSCLC patients underwent chemotherapy The patients with CC had markedly longer PFS and OS than those carrying CT and TT genotype. The HIF-1α expression level significantly related to the OS, but not the FPS. Multivariate Cox proportional hazards regression models confirmed that the 1772T>C and HIF-1α expression determined the prognosis of advanced NSCLC patients underwent thermotherapy.
The HIF-1α gene is located at chromosome 14q21-q24.There are two important singlenucleotide polymorphisms (SNPs) of human HIF-1 gene, C1772T (P582S) and G1790A (A588T), which result in an amino acid substitution of proline to serine and alanine to threonine, respectively. Under normoxic condition, hydroxylation of the Pro402 and Pro564 occurs within the oxygen-dependent degradation domain of the HIF-1α, and HIF-1α will be rapidly degraded subsequently. The polymorphic S582 and T588 variants, with amino acid transition, may enhance the transcriptional activity of HIF-1α gene because of structural changes. The polymorphisms at C1772T (P582S) and G1790A (A588T) of the HIF-1α gene have been previously identified in esophageal squamous cell carcinomas, breast cancer, colorectal and prostate cancers and breast [27, [36] [37] [38] [39] [40] [41] . The impact of HIF-1α gene polymorphism and HIF mRNA and protein expression has been reported previously. HIF-1α mRNA expression levels were significantly higher in prostate cancer patients with the TT genotype compared with the CC genotype. Expression of C1772T HIF-1α in HIF-1α knockout cancer cells showed higher expression levels and stabilization of HIF-1α mRNA compared with the wild-type. Mutated HIF-1α protein half-life was similar to that of the wild-type. These data provide evidence that C1772T polymorphism causes activation of HIF-1α as a gain-of-function mechanism driven by stabilization of HIF-1α mRNA [27] . In breast cancer, the frequency of the T allele of C1772T in breast cancer patients and healthy controls was similar, whereas, the frequency of the A allele for G1790A was significantly different. The HIF-1α overexpression is associated with the T1772 polymorphic allele [42] . In our study, we used immunohistological staining to analyses the relation between the HIF-1α genotype and its protein expression level in NSCLC cancer tissues. We find that the TT carriers had higher rate of patients with high HIF-1α expression compared with CC carriers; our results were consistent with the finding of XXX.
The association of HIF-1αpolymorphisms with susceptibility to non-small-cell lung cancer has been reported. In another Chinese population, the genotype frequencies of HIF-1α-1772 C/T and -1790 G/A were found significantly different between NSCLC patients and the healthy controls. Logistic regression analysis revealed that subjects carrying the HIF-1α-1772 T/T and 1790 A/A genotypes had higher odds ratios for NSCLC than those who carrying the CC/CT genotypes and GG/GA genotypes [43] .
Hypoxia frequently occurs in solid tumors and is known to contribute to chemotherapy resistance. In NSCLC cell lines, chronic moderate hypoxia induced resistance to cisplatin by inhibition of apoptosis, but largely independent from growth rate. Cisplatin resistance in NSCLC cell line is reversible after re-oxygenation and the stabilization of the HIF also plays an important role in this process [44] . HIF1 promoter activation can enhance Chemotherapeutic Sensitivity of Lung Cancer Cell Line AHIF1A. In this study, we provide evidence that the HIF-1α gene 1772C>T polymorphisms were closely associated with the response to the platinum based thermotherapy in advanced NSCLC patients. Our result suggests that the detection of HIF-1α genetic polymorphism may be used to screen those who are HIF-1α sitive/resistive to thermotherapy in NSCLC cohort.
The prognostic role of HIF-1α gene 1772C>T polymorphisms and HIF-1α expression has also been investigated. In breast cancer, HIF-1α was over-expressed in 56.7% of the patients and the elevated level of HIF-1α expression was associated with the T1772 polymorphic allele. The over-expression of HIF-1α protein were found to be related to lymph node metastasis, histological grade and Ki-67 index [42] . In rectal cancer patients, HIF-1α-negative group had a much better the Overall survival (OS) and Recurrence-free survival
